Supersonic nanoparticle interactions with suspended chemical vapor deposition (CVD) graphene have been probed utilizing a custom nanoparticle generation and acceleration system. By varying nanoparticle size and energy, the mechanical properties of suspended graphene under bombardment were explored at energies where nanoparticle deformation [1], fracture toughness [2] , and elastic modulus [3] , among other properties, result in varying interactions. These experiments help to better elucidate the potential role of graphene in ballistics applications [4] as well as the utilization of nanoparticle bombardment to modify graphene membranes for a variety of applications such as filtration and separation at the nanoscale with high permeances [5] .
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In this study, we utilize a custom nanoparticle generation system, an Ionwerks NPlanter, to bombard suspended graphene produced by CVD with silver nanoparticles at supersonic velocities and, in some instances, at hypervelocitiy. The instrument has the capability to size select nanoparticles at specified diameters <30 nm and accelerate them at suspended graphene with energies up to 30 keV with controlled fluence. The results from the bombardment are explored with helium ion microscopy (HIM) using a Zeiss Orion NanoFab. Detailed information on the interaction is explored further with lowvoltage, aberration-corrected scanning transmission electron microscopy (STEM) in a Nion UltraSTEM 100 utilizing both medium angle and high angle annular dark field imaging (MAADF and HAADF, respectively) to characterize the nanoparticles and graphene at atomic resolution.
We will report on novel nanoparticle interactions that we have observed, including recoil, pinning, perforation, skidding, and deformation. Additionally, novel perforations have been observed at specific energy ranges, resulting from graphene's unique mechanical properties, which exhibit different geometries and edge structures [6] .
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